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a b s t r a c t

A urea biosensor based on pH-sensitive Sm2TiO5 electrolyte–insulator–semiconductor (EIS) has been
described. We used X-ray diffraction, Auger electron spectroscopy, and atomic force microscopy to inves-
tigate the structural and morphological features of high-k Sm2TiO5 sensing membranes that had been
subjected to annealing at different temperatures. The EIS device incorporating a high-k Sm2TiO5 sensing

◦

eywords:
rea
iosensor
H-sensitive
m2TiO5

film that had been annealed at 900 C exhibited good sensing characteristics, including a high sensitiv-
ity of 60.5 mV/pH (in solutions from pH 2 to 12), a small hysteresis voltage of 2.72 mV (in the pH loop
7 → 4 → 7 → 10 → 7), and a low drift rate of 1.15 mV h−1 (in the buffer solution at pH 7). The Sm2TiO5 EIS
device also showed a high selective response towards H+. This improvement can be attributed to the small
number of crystal defects and the large surface roughness. In addition, the urea biosensor based on pH-
sensitive EIS incorporating a Sm2TiO5 sensing membrane annealed at 900 ◦C allowed the potentiometric

ntrati
lectrolyte–insulator–semiconductor analysis of urea, at conce

. Introduction

Ion-selective field-effect transistors (ISFETs) were first devel-
ped by Bergveld in the 1970s [1] as an alternative to the fragile
lass electrode for the measurement of pH and concentrations of
ons (Cl−, Na+, K+, NH4

+, Ca2+, etc.). ISFETs are playing an important
ole in the development of chemical sensors and biosensor because
f the small size of their sensitive area, robustness, high sensitivity,
ow output impedance, rapid response, low sample volumes, batch
rocessing capability, and the potential for on-chip circuit integra-
ion [2]. Many different types of insulator materials, such as Al2O3,
i3N4, Ta2O5, TiO2, SnO2, and WO3 [3–7], can be used for obtaining a
H response. These materials have some disadvantages, however,
uch as hysteresis and drift effects, which lower the accuracy of
heir resulting sensors. To extend the application of pH-ISFET sen-
ors, it will be necessary to develop insulator materials that possess
igh pH sensitivity, small hysteresis, high stability, and low drift.
igh-dielectric-constant (high-k) materials, including ZrO2, HfO2,

2O3, Pr2O3, Gd2O3, and Er2O3 [8–13], have recently been proposed
s pH-sensitive membranes due to their good sensing performance
n electrolyte–insulator–semiconductor (EIS) devices. To improve
he quality of the interface between the high-k material and the sil-

∗ Corresponding author. Tel.: +886 3 211 8800x3349; fax: +886 3 211 8507.
E-mail address: tmpan@mail.cgu.edu.tw (T.-M. Pan).

003-2670/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.aca.2010.04.045
ons ranging from 0.1 to 32 mM, with a sensitivity of 72.85 mV/purea.
© 2010 Elsevier B.V. All rights reserved.

icon substrate, growing a thin SiO2 film on the Si substrate imparts
the pH sensing membrane with a smaller density of the interfacial
state, lower stress, and good adhesion [14].

In recent years, the samarium oxide (Sm2O3) films have been
considered as potential gate insulators because of their reason-
ably high relative permittivity (15–30), good thermal stability,
and large conduction band offset (>2 eV) [15]. We have previ-
ously reported that a Sm2O3 gate dielectric exhibited excellent
electrical characteristics such as a small equivalent oxide thick-
ness, low gate leakage current, and small frequency dispersion
[16]. In addition, the incorporation of TiO2 or Ti into the lan-
thanide oxide dielectrics has attracted a considerable amount of
attention as a method to achieve a high-k gate oxide material
with excellent physical and electrical properties for complemen-
tary metal-oxide-semiconductor (CMOS) applications [17,18]. Jeon
and Hwang showed that a PrTixOy film deposited on the Si substrate
by physical vapor deposition (PVD) exhibited a lower reactivity
to water, thinner interfacial layer, higher capacitance value and
lower leakage current [19]. In this paper, the physical properties
and sensing characteristics of thin Sm2TiO5 films deposited on a
Si substrate by means of reactive co-sputtering were studied. In
addition, we determined the effect that postdeposition annealing

(PDA) treatment had on the sensing characteristics (pH sensitiv-
ity, hysteresis, drift, and selectivity) of these films. Furthermore,
as a demonstration case for urea biosensor based on pH-sensitive
Sm2TiO5 EIS, urease-immobilized film was prepared by the entrap-
ment of enzyme molecules in alginate hydrogel.

http://www.sciencedirect.com/science/journal/00032670
http://www.elsevier.com/locate/aca
mailto:tmpan@mail.cgu.edu.tw
dx.doi.org/10.1016/j.aca.2010.04.045
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. Experimental

.1. Reagents and materials

Silicon wafers were used as the substrate for the Sm2TiO5 sens-
ng membrane. The silicon substrate was (1 0 0)-oriented p-type

ith resistivity 1–10� cm. Thin Sm2TiO5 film was deposited onto
he silicon substrate maintained at 25 ◦C using radio frequency
o-sputtering from a 3 in.-diameter, 1/4 in.-thickness, and 99.95%
urity samarium target and titanium metal target. During depo-
ition the total pressure was maintained at ∼10−3 Torr. A urease
ctivity of ∼100 U mg−1 was obtained from Jack Beans; unless oth-
rwise stated, all chemicals were purchased from Sigma.

.2. Preparation of pH-EIS sensor

Before deposition of the Sm2TiO5 film, the wafers were cleaned
sing a standard RCA process and then they were treated with
% HF to remove the native oxide. A ∼40 nm Sm2TiO5 film was
eposited on the Si substrate through reactive co-sputtering from
samarium target and a titanium target in diluted O2. Subse-

uently, samples were annealed in O2 ambient for 30 s by rapid
hermal annealing (RTA) at various temperatures to form Sm2TiO5.
he backside contact (a 400-nm-thick Al film) of the Si wafer was
eposited using a thermal coater. The sensing membrane size was
efined through photolithographic processing under a photosensi-
ive epoxy (SU8-2005, MicroChem) that behaved as an anti-acid
olymer. EIS devices were then fabricated on the Cu lines of a
rinted circuit board by using a Ag gel to form conductive lines.
handmade epoxy package was employed to encapsulate the EIS

tructure and the Cu line.

.3. Evaluation of the structural and sensing properties of pH-EIS
evice

The thickness of Sm2TiO5 thin films was determined using spec-
roscopic ellipsometry. The film structure and composition of the
m2TiO5 sensing films after PDA at various temperatures were
nvestigated through use of a combination of X-ray diffraction
XRD) and Auger electron spectroscopy (AES). The surface mor-
hologies of the Sm2TiO5 films were checked by atomic force
icroscopy (AFM). The pH sensitivities of the Sm2TiO5 sensing
embranes were determined by capacitance–voltage (C–V) curves

f EIS devices. The C–V curves in different pH buffer solutions
Merck Inc.) were measured through Hewlett-Packard 4284A LCR

eter operated at an ac signal frequency of 100 Hz. A Ag/AgCl
eference electrode (commercial liquid-junction electrode) was
onnected with sense line and a EIS device copper line was con-
ected with force line. All setups were protected in dark box to
void light and noise interference.

.4. Fabrication of EIS-based urea biosensor

A urease solution prepared in phosphate-buffered saline (PBS)
as thoroughly mixed with an alginate suspension to form a ure-

se/alginate suspension having concentrations of 0.1 mg L−1 and
.5% (w/v), respectively. The suspension was loaded onto a clean
lass slide and then covered with another glass slide, leaving a 1-
m-thick spacer in between to define the thickness of the alginate

hin layer. In the subsequent gelatinization process, the sandwich-
ike structure was submerged in 102 mM CaCl2 for ∼10 min. A thin

rease-containing alginate gel was subsequently shaped accord-

ng to the zone of the Sm2TiO5 sensing membrane using a borer;
t was then attached to the surface of the sensing membrane. Urea
olutions having concentrations of 0.01, 0.05, 0.1, 0.5, 1, 2, 4, 8,
6, 32, 128, and 300 mM were prepared from urea powder and
Fig. 1. XRD analysis of Sm2TiO5 film for as-deposited and annealed samples.

PBS; the pH in each solution was measured using a commercial
pH meter.

3. Results and discussion

3.1. Structural properties

We used XRD to characterize the crystalline structures of the
Sm2TiO5 samples before and after PDA treatment (Fig. 1). The sig-
nificant difference in sharpness, intensity, and orientation of the
diffraction peak was observed, implying that the crystal growth
and crystallinity of the polycrystalline Sm2TiO5 films are strongly
affected by the RTA temperature. In the as-deposited sample (with-
out, W/O), only small Sm2TiO5 (2 1 6) peak was observed in the
XRD pattern, suggesting a crystal nature for this sample. The film
annealed at 700 ◦C exhibited one weak (1 1 2) peak, while the one
annealed at 800 ◦C displayed one strong (2 1 6) peak, and two weak
(0 2 0) and (1 2 3) peaks. This finding suggests that the Ti atom can-
not obtain enough kinetic energy reaction with Sm2O3 to form a
better stoichiometry Sm2TiO5 structure during PDA temperature
less than 800 ◦C. The intensity of the Sm2TiO5 peak increased upon
increasing the RTA temperature, indicative of an improved Sm2TiO5
structure. On the other hand, a relatively stronger (3 0 2) peak and
two weaker (1 2 3) and (2 1 6) peaks appeared in the 2� plot for the
900 ◦C annealed sample, indicative of a polycrystalline structure.
This suggests a preferential orientation of the crystallites with the
(3 0 2) planes of orthorhombic Sm2TiO5 parallel to the substrate.

Fig. 2 shows the AES depth profiles of Sm2TiO5 film that has
been annealed at 900 ◦C. The sputter time was 640 min. The atomic
composition of the film annealed at 900 ◦C showed a Sm2TiO5 com-
pound with a Sm:Ti:O ratio of approximation 24:12:64. It is found
that a small amount of silicate layer (SmSixOy) forms at the interface
between the dielectric film and the Si substrate. For silicate forma-
tion in the film, the reaction progressed by diffusion of Si from the
substrate to the dielectric layer [16].

Fig. 3 displays the AFM surface morphologies of the Sm2TiO5
films annealed at different temperatures. The surface roughness
of the Sm2TiO5 films clearly increased upon increasing the RTA
temperature. The Sm2TiO5 film performed at 700 ◦C possessed a

◦
smooth surface (0.518 nm), whereas the one annealed at 900 C
showed a rough surface (2.632 nm). We suggest that this behav-
ior is due to an increased self-diffusion of samarium, titanium
and oxygen during high-temperature annealing leading to the
enhancement of the clustering of grains, thus increasing the sur-
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EIS devices annealed at different PDA temperatures. The results are
summarized in Table 1. These values are in good agreement with
Fig. 2. AES depth profiles of Sm2TiO5 film annealed at 900 ◦C.

ace roughness of the Sm2TiO5 film [20]. The surface roughness of
m2TiO5 film annealed at different PDA temperatures reflects on
he corresponding the intensity and orientation of the diffraction
eak, as shown in Fig. 1.

.2. Sensing characteristics

The effect of the postdeposition annealing temperature on the
H sensitivity of the Sm2TiO5 sensing film can be realized by con-
idering the site-binding model to describe the ionic absorption

rocesses at the electrolyte/oxide interface [21]. The response volt-
ge relies on the surface potential ( ), which is a function of the
embrane material and the pH of the electrolyte. The value of  

Fig. 3. AFM surface image of Sm2TiO5 sensing film for: (a) as-dep
ca Acta 669 (2010) 68–74

can be obtained from Eq. (1).

 = 2.303
kT

q

ˇ

ˇ + 1
(pHpzc − pH) (1)

where k is Boltzmann’s constant, T is the temperature of the system,
q is the elementary charge, pHpzc is the pH at the point of zero
charge, and ˇ is a parameter that denotes the chemical sensitivity
of the gate oxide—it is dependent on the density of surface hydroxyl
groups [22]. The pHpzc of pH-ISFET is given by Eq. (2).

pHpzc = −log10

(
Ka

Kb

)0.5
(2)

where Ka and Kb indicate the equilibrium constants at acid and
base point, respectively. Furthermore, the ˇ value is relevant to
the chemical sensitivity of gate dielectric and is determined by the
density of surface hydroxyl groups, which is given as Eq. (3).

ˇ = 2q2Ns
√
KaKb

kTCDL
(3)

where Ns is the total number of surface site per unit area
and CDL is the double layer capacitance derived from the
Gouy–Chapman–Stern model [23]. Based on the above equations,
it can be supposed that the higher Ns (or the higher ˇ) accordingly
contributes to a higher sensitivity and also the more linear response
of pH detection [11]. Based on the value reported in the literature
[22], we assume that the double layer capacitance is 20 �F cm−2

for Sm2TiO5 EIS device performed at different RTA temperatures.
The values of Ns, Ka, and Kb can be computed from the pHpzc and
ˇ, according to Eqs. (2) and (3). The obtained Ns, Ka, and Kb val-
ues are then related to the sensing performance of the Sm2TiO5
the literature reported in Ref. [24].
In pH-EIS sensing, the change in the pH of the solution caused

a shift in the flatband voltage of the C–V curves. This result is

osited and annealed at (b) 700 ◦C, (c) 800 ◦C and (d) 900 ◦C.
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Table 1
The Ns, Ka, and Kb of thin Sm2TiO5 sensing membranes after RTA at various
temperatures.

RTA temperature (◦C) pHpzc ˇ Ns (cm−2) Ka Kb

W/O 5.66 8.05 4.32 × 1014 10−7.2 104.1

700 5.82 11.84 4.82 × 1014 10−7.2 104.4

800 5.91 27.39 5.58 × 1014 10−7 104.8

900 6.98 231.1 5.93 × 1014 10−7.2 106.8
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ig. 4. Response voltage of a Sm2TiO5 sensing membrane annealed at 900 C as
function of pH at room temperature. The inset shows C–V curves response of

m2TiO5 dielectrics after PDA at 900 ◦C when inserted into solutions with pH values
rom 2 to 12.

ainly due to the ionization of the surface hydroxyl groups by
ither hydrogen ions or hydroxyl ions. To evaluate the sensing
erformance of the Sm2TiO5 membrane annealed at different tem-
eratures, we recorded a set of C–V curves at the pH ranging from
H 2 to 12. Fig. 4 displays the pH-dependence of the response volt-
ge (the voltage required to achieve a normalized capacitance of
.6) of a Sm2TiO5 EIS device that had been subjected to PDA at
00 ◦C. During a cycle from pH 2 to 12, the response voltage for
he Sm2TiO5 sensing film annealed at 900 ◦C shifted by ∼605 mV;
.e., the average pH response of this Sm2TiO5 film was about
0.5 mV/pH. The inset to Fig. 4 demonstrates the pH-dependence
f one group of C–V curves for the EIS structure incorporating a
m2TiO5 sensing film annealed at 900 ◦C. These normalized C–V
urves were shifted as a result of the change in the number of
ydrogen ion on the sensing membrane. It should be noted that
he C–V curves are deformed in the depletion range, which may
e attributed to the presence of interface traps at the interface
etween silica film and Si substrate. A thin layer of silica formed in
he deposition process may produce dense interface traps to affect
he behavior of an EIS device [25]. The Sm2TiO5 EIS device annealed

t 900 ◦C exhibited a better sensitivity than those of the devices
erformed at the other RTA temperatures, as shown in Table 2.
his result could be attributed to the higher surface roughness
f Sm2TiO5 sensing membrane at the PDA of 900 ◦C as observed

able 2
he surface roughness, sensitivity, hysteresis voltage, and drift rate of thin Sm2TiO5 sensi

RTA temperature (◦C) Surface roughness (nm) Sensitivity (

W/O 0.304 52.95
700 0.518 54.89
800 0.885 57.43
900 1.232 60.5
ca Acta 669 (2010) 68–74 71

in the previous AFM analysis. With the higher surface roughness,
the Ns will increase accordingly, which therefore contributes to
higher detection sensitivity as previously discussed in the site-
binding model. In contrast, a low sensitivity could be due to the
fact that oxygen atoms diffused from the high-k film to the oxide/Si
interface during annealing temperature less than 900 ◦C, causing
the formation of Sm-silicate layer [16]. Moreover, the reduction of
amorphous silica at the Sm2TiO5/Si interface is attributed to the for-
mation of a well-crystallized Sm2TiO5 structure at high annealing
temperature (900 ◦C).

Hysteresis phenomenon can be due to the defects of an insulator
film, resulting in the formation of porous structures [3]. The interior
sites of these porous detects could react with the ions existing in the
tested solution and thus causes hysteresis response. Another pos-
sible cause is the interaction of ions in the tested solution with the
responding sites along the boundaries of grains on an insulator film.
We subjected the EIS capacitors prepared under the Sm2TiO5 sens-
ing film to pH loops of 7 → 4 → 7 → 10 → 7 and 7 → 10 → 7 → 4 → 7
over a period of 1500 s. The hysteresis voltage here is defined as
the gate voltage difference between the initial and terminal volt-
ages measured in the above pH loop. Fig. 5 and Table 2 revealed
the profiles and the obtained hysteresis voltages of such evalua-
tion, respectively. Fig. 5 reveals that the hysteresis voltage of the
EIS device incorporating a Sm2TiO5 sensing film performed at the
PDA of 900 ◦C had hysteresis voltages of 2.72 and 5 mV in the pH
loops 7 → 4 → 7 → 10 → 7 and 7 → 10 → 7 → 4 → 7, respectively. It
is noteworthy that the acid-side hysteresis was smaller than the
base-side hysteresis. The H+ ions are quickly adsorbed on sens-
ing membrane surface due to the negative surface charge arising
from the polarization of Sm2TiO5 dielectric [26]. Therefore, the hys-
teresis in the acid solutions was smaller than that in the alkaline
solutions. In addition, a Sm2TiO5 EIS device without RTA treatment
exhibited a higher hysteresis voltage than those of the devices pre-
pared at the other RTA temperatures, as listed in Table 2. This could
be due to a large number of crystal defects in the Sm2TiO5.

The drift rate of pH-ISFET is described using a hopping and/or
trap-limited transport mechanism, also known as dispersive trans-
port [27,28], to evaluate the hydration rate of the insulator. The
phenomena of dispersive transport can be found in a broad class of
disordered materials. In an amorphous material, for example, dis-
persive transport may arise from hopping motion through localized
states (hopping transport), trap-limited transport in the presence
of traps possessing an exponential energy distribution (multiple-
trap transport), or a combination of the aforementioned transport
mechanisms (trap-controlled hopping transport) [28]. Dispersive
transport causes a decay in the density of sites/traps occupied
by the species going through transport [29]. The hypothesis that
hydration of the gate dielectric is controlled by a dispersive trans-
port mechanism is sustained by the presence of buried surface sites
and/or the presence of traps (specifically electrically active silicon
dangling bonds). The variations in the chemical composition of the
insulator surface leads to the change in number of surface site with
time, thus causing a monotonic temporal increase in the threshold

voltage. Fig. 6 shows the drift characteristics of EIS devices incor-
porating Sm2TiO5 sensing membranes annealed at various RTA
temperatures, measured in solutions of pH 7 for 12 h. The change
in the gate voltage can be defined as�Vg = Vg(t) − Vg(0). The degra-

ng membranes after RTA at various temperatures.

mV/pH) Hysteresis voltage (mV) Drift rate (mV h−1)

18 6.52
15.8 4.77
14 2.11

2.72 1.15



72 T.-M. Pan et al. / Analytica Chimica Acta 669 (2010) 68–74

F s ann
7

d
T
l
w
l
d
t
p

i
i
t
p
s
i
f

E

w
t
e
(
F
A

F
R

The measured as well as extracted sensing parameters are sum-
ig. 5. Hysteresis voltages of EIS devices incorporating Sm2TiO5 sensing membrane
→ 10 → 7 → 4 → 7.

ation slope of the gate voltage variation reflects the EIS stability.
he Sm2TiO5 EIS capacitor performed at 900 ◦C exhibited the best
ong-term stability (slope = 1.15 mV h−1); in contrast, the EIS diode

ithout PDA treatment featured a serious drift of 6.52 mV h−1. The
ower drift effect after annealing at 900 ◦C resulted from the low
ensity of crystal defects. We suspect that higher drift rates is due
o a lower surface roughness and a larger number of crystal defects
roducing the presence of buried surface sites and/or traps.

The selectivity is one of the most important characteristics of an
on sensor, as it often determines whether a reliable measurement
n the target sample is possible. Virtually all selectivity considera-
ions based on the Nikolsky–Eisenman equation [30] describe the
otentiometric selectivity coefficients, Kpot

A,B is the potentiometric
electivity coefficient for the primary ion A against the interfer-
ng ion B. According to the empirical Nikolsky–Eisenman Eq. (4) as
ollows:

= E0 + RT

zAF
ln

(
aA +

∑
Kpot

A,Ba
ZA/ZB
B

)
(4)

here E is the measured electromotive force (emf); E0 the constant

hat includes the standard potential of the electrode, the reference
lectrode potential, and the junction potential; R the gas constant
8.314 J mol−1 K−1); T the absolute temperature in Kelvin; F the
araday constant (96,490 C mol−1); aA the activity of primary ion,
; aB the activity of interfering ion, B; zA an integer with sign and

ig. 6. Drift rates of EIS capacitors incorporating Sm2TiO5 sensing membranes after
TA at different temperatures, in a solution at pH 7.
ealed at various temperatures during the pH loops: (a) 7 → 4 → 7 → 10 → 7 and (b)

magnitude corresponding to the charge on the primary ion, A; zB
is an integer with same sign as zA and magnitude corresponding
to the charge on interfering ion, B; and Kpot

A,B is the potentiometric
selectivity coefficient for ion B with respect to the primary ion A.

The selectivity coefficients of potentiometric ion sensors can be
determined using different methods [30]. We performed the selec-
tivity coefficients of Sm2TiO5 EIS sensors for interfering ion Na+,
K+, Ca2+, and Mg2+ with respect to the primary ion H+. Separate
solution method is used to evaluate the Kpot

H+,Na+ , Kpot
H+,K+ , Kpot

H+,Ca2+ ,

and Kpot
H+,Mg2+ selectivity coefficients. Fig. 7 displays the response

voltage of Sm2TiO5 EIS devices annealed at 900 ◦C vs. various H+,
Na+, K+, Ca2+, and Mg2+ ion concentrations in pH 7.16. The response
curves were measured in the range of H+, Na+, K+, Ca2+, and Mg2+

ion concentration from 10−5 M to 0.05 M. We obtained selectivity
coefficients of Sm2TiO5 EIS sensors for ion Na+, K+, Ca2+, and Mg2+ at
−5.94, −5.66, −6.52, and −6.56, respectively. It is evident that the
EIS device incorporating a Sm2TiO5 sensing membrane has more
responsive to H+ relative to Na+, K+, Ca2+, and Mg2+.
marized in Table 3, where the data from EIS devices fabricated
a Si3N4 [31], Al2O3 [31], Ta2O5 [32], WO3 [33], HfO2 [9], Y2O3
[10], Pr2O3 [11], and PrTiO3 [11] film, are shown for comparison.
Although a Sm2TiO5 sensing membrane has a slightly higher hys-

Fig. 7. Response voltage of EIS devices fabricating Sm2TiO5 sensing membranes
annealed at 900 ◦C for different H+, Na+, K+, Ca2+, and Mg2+ ion concentrations in pH
7.16.
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Table 3
Comparison of sensing parameters for EIS device fabricated with a Si3N4, Al2O3, Ta2O5, WO3, HfO2, Y2O3, Pr2O3, PrTiO3, and Sm2TiO5.

Sensing membrane pH sensitivity (mV/pH) Hysteresis voltage (mV) Drift rate (mV h−1)

Si3N4 46–56 3 0.8
Al2O3 52–58 0.8 0.3
Ta2O5 56–58 <3 <2
WO3 45–56 15.7 7.2–26
HfO2 45–58 5–30 2.5–125
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Y2O3 56.09
Pr2O3 52.9
PrTiO3 56.8
Sm2TiO5 60.5

eresis and drift, the nitrogen incorporated into Sm2TiO5 film can
educe the low-k silica layer at the Sm2TiO5/Si interface and hence
mprove the sensing characteristics [34].

.3. Urea biosensor

The detection of urea is of great interest in biomedical and
linical analysis application. An increase of urea concentration
n blood and a decreased level of urine are a strong indication
f renal dysfunction. The determination of urea is generally per-
ormed with enzyme-based biosensors. Therefore a variety of urea
iosensors have been developed for the selective determination
f many substances using ion-selective membranes in combina-
ion with suitable enzymes [35–39]. We prepared a urea biosensor
ased on pH-sensitive Sm2TiO5 EIS device, using urease as the bio-
omponent. Urease catalyzes the hydrolysis of urea to ammonium,
ydroxyl, and bicarbonate ions. The increase in the OH− ion concen-
ration generates a potential change at the electrode surface that is
elative to the urea concentration, in accordance with the reaction

H2CONH2 + 3H2O
urease−→ 2NH4

+ + OH− + HCO3
− (5)

or the detection of urea, we used the entrapment method to immo-
ilize the enzyme, using an alginate and CaCl2 solution, which
eacted to form calcium alginate, on a Sm2TiO5 sensing membrane.
his immobilization procedure preserved the native properties of
he entrapped enzyme. Fig. 8 presents the shift in the response volt-
ge of the urea biosensor based on pH-sensitive EIS incorporating

Sm2TiO5 sensing film (RTA at 900 ◦C) as a function of the urea

oncentration. The sensitivity of this biosensor device, in terms of
ts response to urea concentrations between 0.1 and 32 mM, was
2.85 mV/purea. The stability of the urea biosensor was observed

ig. 8. Response voltage of the urea biosensor based on pH-sensitive EIS devices
ncorporating a Sm2TiO5 sensing film (RTA at 900 ◦C) plotted as a function of the
rea concentration.

[
[
[

[
[
[

[
[

[

[

13.6 1.24
17.5 2.15

2.84 1.77
2.72 1.15

every seven days. After 140 days, the sensitivity of urea biosen-
sor was 72.85 ± 5.6 mV/purea. The sensitivity of urea biosensor
was stable. The storage periods of the urea biosensor exceeded
four months. Furthermore, the five urea biosensors were used to
measure the purea–potential response at the same time for six
times. The sensitivity value for the urea biosensor was close to
73 mV/purea. Therefore, we obtained good reproducibility for the
urea biosensor.

4. Conclusions

We have developed high-performance EIS devices incorporat-
ing thin Sm2TiO5 sensing membranes grown on Si substrates by
reactive co-sputtering. We used XRD AES, and AFM to confirm
the presence of the Sm2TiO5 structures in these EIS devices. Thin
Sm2TiO5 EIS device that we had subjected to RTA at 900 ◦C exhibited
an optimum pH sensing performance including a higher sensitivity
of 60.5 mV/pH, a smaller hysteresis voltage of 2.72 mV and a lower
drift rate of 1.15 mV h−1. The selectivity coefficients of Sm2TiO5
sensors for ion Na+, K+, Ca2+, and Mg2+ are at −5.94, −5.66, −6.52,
and −6.56, respectively. This improvement is attributed to the
lower number of crystal defects and the higher surface roughness
occurred at this condition. Furthermore, a urea biosensor based on
pH-sensitive Sm2TiO5 EIS device exhibited a sensitivity towards the
detection of urea of 72.85 mV/purea.
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